INTRODUCTION
The recent discovery of a hadrosaur ("Lizzie") in the Talkeetna Mountains about 150 km northeast of Anchorage is of special interest for several reasons. It is the first known occurrence of a hadrosaur in southcentral Alaska, adding a new high latitude locality (62°N) for dinosaurs ( fig. 1 ). Lizzie is unique in that she represents the only association of dinosaur bones in Alaska that can be attributed to a single individual. A closely associated assemblage of marine invertebrates fig. 2 ). Although dinosaur remains are uncommon in marine deposits, this hadrosaur is the second dinosaur to be found in the marine mudstones of the Matanuska Formation. The first, Edmontonia, a nodosaur recently described by Gangloff (1995) , is of Campanian-Maastrichtian age, or at least 10 million yrs younger than the new find ( fig. 3 ). Wallace, 1992, p. 53) .
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BACKGROUND AND DISCOVERY
The hadrosaur fossil material was discovered by Virginia May in September 1994. Bone fragments lying in the rubble of a borrow pit led to the discovery of bone-bearing concretions in the bedrock. Centra of caudal vertebrae and distal elements of the limbs were later found in talus beneath the quarry face. During the summer of 1995 a quarry of 24 sq m was excavated. However, the main efforts were concentrated in a 4-sq-m quadrant containing a large concretion nearly 1 m long with bone fragments exposed along its edges. The alignment of the limb bones suggests that this concretion may contain pelvic bones. These would be the most diagnostic postcranial elements for identification to the generic level. Hundreds of invertebrate fossils were excavated along with the bone-bearing concretions.
Because of high public interest in this discovery, the fossil was given a popular name, Lizzie, after Kevin May's 12-yr-old daughter, who contributed many hours to the excavation project.
LOCATION AND GEOLOGIC SETTING
The privately owned borrow pit is situated in the Talkeetna Mountains in south-central Alaska near the Glenn Highway at about lat 61°52'N and long 147°21'W Jones, 1963; Jones and Grantz, 1967) .
at an elevation of 950 m (fig. 1) ; the exact location is recorded at the Alaska Museum of Natural History in Anchorage. The nearest city is Glennallen. The Mesozoic and Cenozoic sedimentary rocks underlying this region form an east-west-trending structural trough about 32 km wide and 112 km long northeast of Anchorage (Grantz, 1964) . At the eastern margin of the trough Mesozoic rocks lie in an anticline that plunges to the northeast. The eastern end has been displaced along a north-south-trending fault. The Lizzie quarry lies in the Matanuska Formation on the southeast limb of the nose in the displaced part of the anticline (Grantz, 1961a, b) . According to Jones and Grantz (1967) and Jones (1963) , the Matanuska Formation sediments were derived from highlands to the north and deposited in a deep, subsiding, narrow trough. Their texture and mineralogy suggest deposition on a narrow shelf a few miles south of a shoreline to the north. Particles were rapidly buried and not subject to abrasion or winnowing by wave action.
The bone-bearing unit consists of an easily weathered dark-gray marine mudstone that contains highly indurated calcareous concretions and finely disseminated pyrite crystals ( fig. 4) . In outcrop it seems to be massive, lacking primary sedimentary features. However, fine laminations, possible ripples, and evidence of bioturbation are faintly visible on wet fresh surfaces. No rip-up clasts, graded beds, or sandstone units suggestive of classic turbidite deposits were noted at the site. The unit has been subject to postdepositional deformation as indicated by the joint sets, faults, secondary deposition of calcite, and degree of induration. The beds in the quarry strike north; dip 22°00' to 26°50' east, and are cut by four joint sets. Two of the joint sets are planar and fairly well defined with steep dips of 50° to 70°; the other two are poorly defined and have undulating surfaces, one dipping steeply (40°t o 89°), and one gently (6° to 35°). The latter set produces centimeter-scale offsets of the well-defined planar joints.
AGE
A well-preserved collection of fossil mollusks from the quarry provides a secure Turonian age and marine setting for the bone-bearing unit. The age was determined by Will P. Elder of the U.S. Geological Survey, who identified 7 species of ammonites, 6 species of bivalves, and 2 different gastropods. The presence of the ammonite Muramotoceras strongly suggests a Middle Turonian age, as this genus is known from only two species that occur in Middle Turonian sequences. This is the first noted occurrence of this unusual heteromorph outside of Japan (Matsumoto, 1977) . The ammonite genus Eubostrychoceras is known from Japan, Germany, and Madagascar. E. japonicum is Turonian and probably Middle Turonian (Matsumoto, 1977) . The inoceramids have a worldwide distribution and are used as guide fossils for the Late Cretaceous from the Albian through the Maastrichtian (Thiede and Dinkelman, 1977) .
Other fossils include fish teeth, shark teeth, scaphopods, a solitary hexacoral, planktic forams, trace fossils, toredo-bored wood, and wood fragments. Both the lithology and the invertebrates of the bonebearing unit strongly suggest that the quarry section belongs to the lower part of C-1, an informal stratigraphic unit of Turonian age in the lower half of the Matanuska Formation as defined by Jones and Grantz (1967) , and Member 4 (Turonian), as defined by Jones (1963) (fig. 3) . A comparison of fossils found in the Lizzie quarry with those in the equivalent units in the Matanuska Formation (Member 4 and C-1) is shown in table 1. Member 4 is estimated to be about 120 m thick and contains invertebrate fossils of the Indopacific faunal realm (Jones and Grantz, 1967; Matsumoto, 1988) . The age of unit C-1 is based on the presence of the bivalve, Inoceramus aff. I. cuvieri, and the ammonite Otoscaphites teshioensis (Jones and Grantz, 1967; Jones, 1963) .
PALEOGEOGRAPHY
The paleogeography of the quarry site is somewhat uncertain because of discrepancies between various models of the accretionary history of the tectonostratigraphic terranes in the southern Alaska margin. The Matanuska Formation lies within the Peninsular terrane (Grantz, 1964) . In their overview of the tectonic history of Alaska, Plafker and Berg (1994) include it in the allochthonous Wrangellia composite terrane (WCT), a long narrow unit parallel to the southern curved shoreline of Alaska that lies between the Denali and Border Ranges faults ( fig. 2) . In both the Hillhouse (1987) and Plafker and Berg (1994) models, Turonian rock units were deposited prior to the counterclockwise rotation of southwestern Alaska and carried northward along the continental margin by oceanic plate motion. However, neither the midCretaceous paleolatitude nor the time of accretion of the WCT have been firmly established. Plafker and Berg (1994) place the WCT close to its present latitude by Late Jurassic time and close to its present configuration in the Turonian. This would make the paleolatitude of the Lizzie site very close to the 62nd parallel. Hillhouse (1987) places the WCT 25 degrees south of its present location in Jurassic time with a northward migration, which doesn't place the WCT at its present latitude until Paleocene time (65-55 Ma).
The position of the WCT relative to the North American craton is also uncertain. McClelland and others (1992) suggest a middle Jurassic time for the accretion of the WCT to the mainland. However, Plafker and Berg (1994) favor an alternative model and place the WCT as an offshore fragment during the AptianCampanian interval (120-84 Ma) ( fig. 5 ). If Lizzie can be shown to have affinities with early hadrosaurs in other parts of North America and Asia, a good argument for docking by Turonian time would be made. If Lizzie is unique, she could represent an isolated island community. A model for the "Turonian island" hypothesis is located in Romania, where one of the most primitive hadrosaurs known was found. Weishampel and others (1993) suggest that this animal occupied the transEuropean archipelago of the Late Cretaceous and that this genus represents a population that was isolated from others in the world and highly specialized. It could not be a hadrosaurian ancestor because of its late Maastrichtian age. The taxonomic relationship of Lizzie to other early hadrosaurs might therefore put additional constraints on an accretionary model.
THE POSTCRANIAL SKELETAL MATERIAL
More than 60 elements of Lizzie's postcranial skeleton have been retrieved. Some required little preparation and some remain fully or partially encased in calcareous mudstone concretions. Axial and appendicular elements recovered in the fall of 1994 include articulated and isolated vertebrae and parts of all four limbs. Excavation was resumed during the summer of 1995 to recover a large concretion that may contain pelvic elements. To date, 2 scapulae, 2 humeri, 2 ulnae, 1 radius, 6 rib fragments, parts of a femur, tibia, fibula, astragalus, 5 metatarsals, and 14 pedal phalanges from the appendicular skeleton have been identified along with 23 caudal centra, 2 chevrons, and a few centimeters of ossified tendon from the axial skeleton. They are shown diagrammatically in figure 6. All elements are closely associated and some are articulated. No elements are duplicated and the identified bones all fall within a narrow size range, suggesting they represent a single individual. Preliminary comparisons with other specimens suggest the animal was a juvenile about 3 m long. However, the possibility remains that she was an adult of a smaller species. Adult Late Cretaceous hadrosaurs were considerably larger than Lizzie, averaging 7 to 10 m in length and 3,000 kg in weight (Weishampel and Horner, 1990 
PALEOECOLOGIC CONTEXT
Although dinosaur remains situated in rocks of marine origin are unusual, there are numerous reports of such finds. From a list of 95 individual dinosaurs found in marine Upper Cretaceous rocks in North America, 54 are hadrosaurs and the ratio of hadrosaurines (noncrested types) to lambeosaurines (crested types) in this setting is 17:1. About half of these Plafker and Berg, 1994, fig. 5E ).
. Paleogeography of Alaska during the Aptian-Campanian (120-84 Ma) interval showing a possible configuration of the Wrangellia Composite Terrane and paleoposition of the Lizzie Quarry. It includes the Peninsular terrane and Wrangellia terranes (modified from
Identification to the family level is based on three nearly complete phalanges (II-1, III-1, IV-1) of the right pes, which were compared with material at the University of Alaska Museum in Fairbanks and the Royal Tyrrell Museum of Palaeontology in Alberta, Canada. It is not known if this is a hadrosaurid (noncrested) or lambeosaurid (crested) duckbill. Pelvic bones or skull, if present, could allow assignment to the subfamilial and possibly the generic level.
hadrosaurs are young or juvenile individuals (Horner, 1979; Fiorillo, 1990) . Nearly all were found articulated and in one case the animal was entombed in skin. Lizzie's skin and soft tissue may have controlled the formation of the concretions.
Deposition in a middle to outer shelf or upper bathyal environment below wave base appears to be suggested by the invertebrate assemblage, which is dominated by ammonites and inoceramid bivalves. The thin-shelled heteromorphic ammonites were probably inhabitants of the outer shelf (36 -183 m) (Tasch, 1973) . Inoceramids are thought to have inhabited a wide range of depths, but seem to be confined to the upper bathyal and neritic environments close to continental or island margins (Thiede and Dinkelman, 1977) . The lack of heavyshelled, shallow-water pelecypods also suggests an outer neritic zone or deeper water location for the quarry (Jones, 1963) .
The density of the invertebrates suggests that this was an environment where organisms were either very rare or arrived only after death. The preservation suggests rapid burial. The shells lack signs of postmortem biological activity such as borings or encrustations. They show no signs of abrasion, and broken surfaces are fresh. Some are nearly whole and undeformed, whereas others are fragmented, crushed, and greatly compressed. The orientation of the larger planar valves (up to 20 cm in diameter) in the quarry was always parallel to bedding. The lack of abrasion and the recovery of fragile heteromorph ammonites suggest that the invertebrates could not have been reworked. The proximity of the hadrosaur bones to each other implies that they were not disturbed a great deal by scavengers. The occurrence of pyrite suggests the organisms were buried in an anoxic environment. The lack of oxygen, low temperatures, and lack of scavengers provided excellent conditions for preservation.
Whether the fossil assemblage represents a living assemblage that can be used for the reconstruction of specific paleoecologic conditions is an open question. The muddy substrate may have been unstable and subject to submarine slides and slumps. Elder (written commun.) states that transport of delicate and complete shells in this type of environment is very common. The organisms, whether transported or not, show some ecological affinities to each other. Ecological interpretation is confounded by the possibility that ammonite shells can float long distances after death. This may be true for pelagic genera with normal planispiral shells such as Mesopuzosia, but it may not be true for the heteromorphs. In their recent paper, Seilacher and Labarbera (1995) suggest that the septum closing off the living chamber of heteromorph ammonites was not calcified and that it decomposed with other soft parts, thus limiting the drift of the shell. A benthic mode of life that has been suggested for heteromorphs of this type would also have placed limits on the distance of transport after death. Obviously heteromorph morphology is not conducive to a pelagic mode of life requiring the rapid locomotion of a predator. Matsumoto Figure 6 . Postcranial skeletal elements retrieved from Lizzie to date (modified from Norman, 1985, p. 118-119) . (1977) suggests that Eubostrychoceras, with its open coiling, was not adapted for rapid swimming but for a benthic lifestyle and may even have been partly embedded in the substrate. The spinose flared ribs of the shell may have been used to stabilize the animal as it sat on the bottom. Ammonites were thought to live in marine vegetation or on a loose clay mud substrate (Tasch, 1973) . Seilacher and Labarbera (1995) suggest the helical coil may have been covered by living tissue or another organism such as a sponge. They also suggest that heteromorph ammonites were "Cartesian divers" living as suspension feeders rather than active predators such as nautiloids. Their arms made up a delicate filter fan that removed small particles from the water more analogous to the feeding behavior of graptolites.
The most abundant bivalves in the borrow pit are inoceramids, an extinct group of bivalves thought to be related to modern oysters. An important guide fossil for the Late Cretaceous, they were benthic with large, relatively flat shells typical of species on soft, muddy substrates. They are characterized by large robust valves with lengths that can exceed 27 mm and thicknesses of 2 to 3 mm. The shells have multiple ligamental pits, which provided anchorage for threadlike ligaments that attached it to the substrate. They are common constituents of dark-gray calcareous laminated mudstones, which indicate reducing conditions below the sediment-water interface (Thiede and Dinkelman, 1977) . They were probably filter feeders living below wave base, which harbored chemosynthetic symbionts to supplement their diet (MacLeod and Hoppe, 1992) .
Nucula, represented by several specimens, is a ubiquitous genus of an infaunal detritus feeder often found in organic muds. It is an important component of ancient and modern deep-water communities. It is indicative of a low-diversity assemblage in a soft, watersaturated substrate, rich in organic matter with abundant hydrogen sulfide somewhat depleted in oxygen. Nine typical extant deep-water species live below bottom waters with temperatures from 2.3°C to 9.2°C (Kauffman, 1976) .
Whether transported or not, the heteromorphs, inoceramids, and nuculids all indicate that Lizzie was buried at a paleodepth greater than 35 m.
EARLY HADROSAURS
Generally, hadrosaurs are a large, diverse, and wellknown group of dinosaurs that were the dominant herbivores of the Campanian-Maastrichtian stages of the Late Cretaceous period. Their appearance is well documented in North and South America, Europe, and Asia. Most taxa are described from several individuals, including both juveniles and adults (Weishampel and Horner, 1990) . However, hadrosaurs from preCampanian rocks are quite rare. In their summary of known hadrosaurs, Weishampel and Horner (1990) list 42 taxa. Of these, 35 species are CampanianMaastrichtian. Of the seven taxa older than that, the ages of five are uncertain. Until recently, there were almost no well-dated hadrosaurs of early Late Cretaceous age. Now, however, early hadrosaurs are known from at least nine sites in Asia and North America (table 2) . Systematic study of these new specimens may show evolutionary relationships between these widely separated fossils. Hadrosaurs are thought to have evolved in Asia from iguanodontids and spread to Europe and North America (Weishampel and Horner, 1990) . Work from the recent Sino-Canadian Dinosaur Project showed there are striking similarities between the dinosaur faunas of Asia and North America (Currie, 1995) . Lizzie provides a geographic link between Asia and North America for these faunas during the Turonian. Because she is younger than most iguanodontids and older than most hadrosaurines, Lizzie should contribute to the understanding of the relationship between these two groups.
CONCLUSIONS
Lizzie is the first hadrosaur to be found in southcentral Alaska and one of the earliest hadrosaurs known in the world. This fossil has the potential to contribute to our understanding of the timing and direction of the spread of this group of ornithopods and of the evolutionary relationships between hadrosaurids and their iguanodontid ancestors. This discovery may also help place constraints on the timing of the docking of the Wrangellia composite terrane with the North American craton. Future work will include microosteological and systematic analysis of the postcranial skeleton to determine this hadrosaur's developmental stage and its affinities to known genera.
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